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[ft #31 1 1 

>f * > tfcJMift* * **K±^Jft$ tLfc I - V I I S^Wg^SI-c^ot, 

±ia i - v i i j^«##-^h h h^hi^> ±iaa6«Lh km $ ti£ , ±ibm t ±ib i - 

K ^ ^^J. £ HSJt L * $ *LT * * - ^ * fct4I-VI I J£#S»*$b B H W 

Mo 
[W*3( 2 ] 

JhfB I — V I I ^^^^-^-j^S^JISiti^ 

i £#i£fc1-<2>flf^l i KIBIfto I -v I I ^i#fg B !Ilo 

3 ] 

±IB I - V I I »S«*£b b hI¥ M^MI¥t±> 

fcSB«tf> I - V I I M#S«l£JI?Mo 

4 ] 

±ia i - v i i iwi-i^sitt^ 

I - V I I JMM*#*8r&fcIlo 

[Ifif^fi 5 ] 

_tiE I - V I I IMMIttSMSiSamtt, 

c u c i afire a & i fc twflfcfc , t*i»*s i ~ 4 ov>i*tL^cia«o i - v i i 

6 ] 

_h|E I — V I I 

-V I I»«##M H H H »mo 

7 ] 

_tiB2k&±K. _tfB« £ -LIB I - V I I Mi#M B H H II^f ^^©ffiiii: £ 
±SBA7 7 7l±i:> ±IBI-VI Ilfl«Ifl^> I«l-litL^#f)I 

j-m i - v 1 1 i^fp^iii^^ 19 <^»^ m^£Rs#t*T*~M5i"* - £ 

«f* ■* a 7 KfBHto 1 -v I 1 Mi^^BlIl©Sl^feo 

[»3fcB 9 ] 

Mi"* I - V I I^^«*t H H H ?¥l!I^!Iff^CT, ratiiL^*^» 

8 ^ib«<7? 1 - v 1 1 m^mi^M-^^mm^mmij^o 

VHTtiCB. 1 0 ] 

±ib i - v 1 1 m^mfc&ta&w m<Dmm * , 

ft(7)I-VI I l^iTO^H^IIl^fta 
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m^ H %«B#^*«^R?>«"f * - *~ * 0 > * tfttflfto*^ I - v I I 

IWie^fI^S^t^ffii3 4 tr^w^ft^ 4 o TSOI£ frrt: I - V I I 

[W*&#] 

[0 0 0 2] 

[0003] . 

o 

L^L&#^ ^f,^v^, *j»Efcfe«tfSP (^iWfi^'tt) ^#v^«l4. 

[0 0 0 6] ^ T 

V I I m^&fc<Dit&&&.itj t & i § tLT § fc 0 1" & t? *> , I - V I I (W X. « 

CuCl) t4 N i^O*-7W*f^4^< (*&0. 7nm) , igfOJt**^ 
;v ;=p_ ^ § v> (|)2 0 0meV) £. fc *« 5> , £S L <b *U M 

4ii4°i#^m2i3j;tJ f 3T-(4, f7^1I^NaC lSf^fCCuC l Jp-fS H £ 
N a C 1 (001) mm, C a F 2 (111) G a P (110) 3£#u M g 0 ( 0 

01) mm*t\ ^ V^T C u C 1 Ox f ^ -> t JVM^E* 6 ti, * 

^iS^7*n5?- (MM) ^^#14^P^^tLTv^o 

J^°a^-et4. V^^Of ltt*tt* C u C 1 HI (CuClt^SI) ^45 
v , T ^^ m ^4f^O-9-^^ (JgU¥2 6nm) -C*B§lttK:if ^ U ±%%3t¥WMM& 

[0 0 0 9] 
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m_LO X d ftUP** 1 , CuCli^I-VII Jfc^#fc£*3V>-t\ fltt^ «fc 

S.Yano, T.Goto, andT.Itoh, J. Appl.Phys. 79 (1996) p. 8216 
[##St^:i^2] A.Ekimov, Al.L.Efros, and A. A. Onushchenko, Solid State Commu 
n.56 (1985) p. 921 

[##ff ttt 3 1 T.Itoh, Y. Iwabuchi and M.Kataoka, Phy. Stat. Sol. B145 (1988) p 
.567 

[##M\£ltK4] G.R.Olbright and N.Peyghambarian, Solid State Common.58 (198 
6) p. 337 

R.S. Williams, D. K. Shuh and Y. Segawa, J. Vac. Sci.Technol. A6 (1 

988) p. 337 

[##fK£!t£6] A.Kahn, S.Ahsan, W. Chen and M. Damas, Phys.Rev.Lett.68 (1992) 
p. 3200 

[##tt»7] A.Yanase, Y. Segawa, Surf. Sci. 278 (1992) L105 
[WWVf$M&] H.Ishihara, T.Amakata, K. Cho, Phys.Rev.B65, 2001, 035305 
[##It»9] K.Cho, J.Phys.Soc.Jpn.55, 1986, p. 4113 

[00 1 0 ] ^ 

LfrLfttfb, cue i4ifoi-vi im<D^mmt> t/V^^ffitt c^m 

3t) *yg-t2>^m&nWk*7&$u-t&Z. ki)mm~?3bZ>o -f^^%, CuC14^©I-V 
[0011] 

fflxif> t^iWIMi fC©^Ixt>^ (MBES) I I I-V 

j^^^ic^LTli^'fe £*lt:v*& &cd<7X I I -V IJM&&vM± I -V I IM 

[0 0 12] 

4 y mm -t tz *b -e & £ o * ^ WIS H Mi±. i:, >r * y & * 

I -V I I M*mfa<D, * - 1 ;H¥$^¥S&TOf B H «tJlil (¥fi#l§0%^M) fcffc 

o 

[0 0 13] 

[|£II * fll^rf" * ^ * ^#l£] 
[0 0 14] 

$»I-VI i^#*wit B B H i»m«. ±12 O MM fc^fe-f 
^ *b & a «± £ *t;fc i - v i i M^Bfe^-ffiMi mm? & ^ r . ±.§5 1 — v i 

I-m^&fcMMfi&lt&te* J3R&R±tel&&Z*ite> ±fB^h±IBI-VI Il^f* 
ltd (4 fc-e&"Cv» a ^> 1 7 7 ^ 7^5H* Mitt t-I) o t , # 

[0 0 15] 

iifE<a*$:KJ:*uf> *^m*-TOL^v^*^^-e^$tL^ i -v I 1 
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[00 1 6 ] 

10 0 17] ^ _ , 

±iai-vi im^mfcM-ffiMiMmte, iw^iit^^^f^^^it, 

[0 0 18] 

[0 0 19] ^ 

[0 0 2 0] 

i-vi i$^s#m!&H H H»su'£^-c, ftummmfcomm'Z'&mM^i^ir&z 
tmmasmK^mzivx^&o -r ±ibi-vi im^mfaw&^nwknwm* , 
nwx&ifi&v&m Kmiz-t&mm t-t&ztx^ itmmm^ x z?Rmmmmm^jz 
ivq-vi i m^m^m^^mm^mMx § & 0 

[0021] „ 

±131 -VI lWI« B B gSl«, ±|B»M^M^^f6]^e>LT. IST- 

& sr m stL*^<b^$tL^^t, m^m * m « $ ti-r k s tut mm t * ^ x ^ 

[0 0 2 2 ] 

[0 0 2 3] ^ 

$ fc, JbJB I — V I i f&^SWISIlif C u C 1 »JR-e* o X t> X v> 0 v^ti 

[0 0 2 4] 
[0 0 2 5] 

*oT, JifBMLt^ ±|B3MRfc±IBI -V I I JM^^ttfilMU 
It: J; ^1* t ^ *6 ^ 7 7 1 ?:Mt ^ It ^ > _h§B^y 7 rJS-h^ ±s2 
I-VI IJ^*##.|§ H H H«m^, * ; ?-j»*RRltLft* f fe^i-4XSfc*#trii:*# 

[0 0 2 6] ^ 
[0 0 2 7] 

oT, I-VI lMf««lt H H H ««n D n ®*f6]Jl$^S-i^^So 
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[0 0 2 8] _^ 

s > Jte i - v i i M*&fc%-&& wm<D-m*> n&A * mm l * m l , ± 

[0029] ^ ^ 

[0 0 3 0] 
[0 0 3 1 ] 

Ui^tKua!), ±ibi-vi i^^#^ H B a ^m^*3tt^«owi4^ 

[0032] _ 

tit. ±ibi-vi im^mimm^mm^mm^, ^mm^mmKm±-r^mm 

[0 0 3 3 ] 

- (75^^ ^mmM^^xfKiB&m^^^^^ i -v 1 1 w b b h ii 
[HBO**] 

[0 0 3 4] 

JSJL±©J:^^. ;£§§0J! 0 I - V I I»S#Mf H B a^flil«> **±£^3*Lrt^ _tsB 
fc -LIB I - V I I M^WIitJIfWI t co^feifcwffi*^ i * fcfc 

[0 0 3 5] „ 

-etL^x.. m»^HSMLftv^«o^^f^$^ 1 -v 1 i ^^w^im 

[0 0 3 6] 

ifc, ;N'y77ii:±ot, »I-VI I«Wffi^»I^e*ffife 

o-r, 1 - v 1 1 p°nS £ fail $ * a - § a o 

[0 0 3 7] 

^SWI -V I I Jfl^^^^i$n^i?flfl^^^^$fe^ ,> ±fB«±^ ±!B*«i:±sB 
[0 0 3 8] 

-e-tu**.. m«^fl?JtLftv> 1 -v i i^s»M B H H isii^^«^ib^r, 

ffi <D W ffltt *3 J: Xf It H tt * ±m K IrI ± $ * tt S o L rt* o t\ St^a^te***: i < . 
[0 0 3 9] 

[ #gr 0j! * * ife f * * * & <r> J&M 1 

[0 0 4 0] 
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Cldfefll 1 ] 

m 1 1±> ^jfrWfctf^a i - v 1 1 »i#-»frm«fi&»iR-e** c uciin imfo-z 

fitzmM. (CaF2 (111) *=K2±) 2 O^^TF-tUfMHI-e^^o 

fitz m^mmmm 1 at, ^ * n m» * mm s *lt v> & ^ii^m ibH>^ 

4fc^ CuCllIlli, C a F 2 (111) *^2±»J&$*l£C a F 2 b u 
f f erl (A?7rl) 3±fcJ£j£$*vCV»;& 0 C u C 1 ^ilFC a F 2 ©g B H H 

-e-*L-C:K.Wm»a*)i, f51«J:I^^ s > W^Ott^^it'&ttft 1 % (c 

uCU CaF 2 ©M»W0. 5 4 0 6 nnu 0, 5463nm) bW1&\z 
/hSv^o Z<Dfztb, C u C 1 iltt C a F 2 iS±t:i t° ^ y t ^ 0 

[0 0 4 1 ] 

ttT% C u C 1 f 1 1 WllMl^^tiit^c 
f1\ CaF 2 (111) 6 5 0 tJT? 1 ISIHJ-9— (m&rifcfr 

[0 0 4 2] 

CaF 2 (1 1 1) *R2eDiLtI«S^6 0 0rtU MBEfeCio 
5 0 nmCOC a F 2 Ay 7rf3 *iSHfco J&KiSJgti 0 . 0 6 5 nm 

/st Lfz 0 
[0 0 4 3] 

to J: -5 ciJJLfcC a F 2 Ay 7 rJi 3 ^$ICB> RMSSM^SftlalW (RHEE 
spilth &o 

[0 0 4 4] 

CaF 2 A7 7r«3©M^*iL OagfKrfcfrV*) % SeK^l 8 0°C 
fcTlffc^ MBEftClct, WkMl 3 nm©tfllltll a BUff 5 2 nm©l 
f»Iltll b hinhlt&WM 6 5 nm©C u C 1 SHI *fl£j£L;fco Cu 
C 1 J&K#JS|im fc <^ 1 3 nmli> CuCl Wfk 1 ©fiffiCS?I^I»t4#?>ift^ 

^&K»i> m^UMMWk 1 a , S^WRSJtJR lbtU:, 0. 0 6 5 nm/s i:L/: 0 
[0 0 4 5] 

i2tt, cucifii©> s^i^ifi (afm) ire**,, is 3 a, m« 

TO*^f^^^m^i±. c u c 1 sii tmm<D&i$x*Mj&Ltzc u c 1 nm<v. afm 

ffe^-So i"^^^. 13 3(4. C a F 2 (111) ^£ 2 Ji K3§m £ *l£ C aF 2 A7 7 
7* 3 PS|t-*T^*»m« 1 8 0 °C, 0 . 0 6 5 nm/stMB 

Efti:J:otM$W;ll|6 5 nm©C u C 1 M<?> A FMft"e&&o 
[0 0 4 6] 

g| 3 Citi7 m^MSSt&^-f i:ISL^C u c 1 I©g»i> 1 5 0 n 
m@^c75?f ^7t7^#-SW^£LTW~ 0 — HI 2 fc'TFl" £ d CuCl 

mil*. mmi l m*ft&% : ?ft&'t-z>$><D<D, *sB#t±¥ffl-eab , en at* 

^CuC lfll ^IS-t a*T £ £0 
[0 0 4 7] 

c u c 1 mi (Dmt*^? y fr^mfe^fzo km*^<? h^m^n^ ^ 

uryyyy"^^tutLxm^, mtMM3. 6 K<v^m^xmfeLtz 0 m^a, cu 

c 1 ill ©EI^^^ Mvii^* (0"^ »-e^) t Sf&ft jf k Xoxn^fi 

tzC u C 1 IVJRl (DfcM^^? (H^K W&Xi&TF) t*7F-$- 7 7 7X&Z> 0 

[0 0 4 8] 

£ £ X\ HijrftJt HJi. Z 3 ( n = 1 ) m^MU<D^t,Z UABC-Free Ssfc 
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Pfffl 



fcJBv**: (##St^CK 9 #M) o J: «5 ffNffi K , ABC-FreelS^t, CuC 
1 m/C u C 1 ^®14Ji/C a F 2 B<7) 3 Jg#;it fc-fc^ U ^JittT 

[0049] n . 

m 4 t'^-r i 1 &m*h? > ;K75fflu$E^*(±, c u c 1 mmv&mmfr (cuci 

jg) WIS* 5 8 nm, WM^ffi'M (C u C 1 <7)J?£ £ 1 7 nm, EtK 

T©i^;^"-Iti^it^«t#i* r 0 = 0 . loeV, Et £l±o^^^r-«J 

H*»ta«aK*Sct±i»^^*lnjL, 3. 2 1 5meVt6ro fcfc* t LTptJt L7r im -' 
ftS«a<-iCb/:o iiT?, CuCl^ffittlili, MfcCuCU^W 

[0 0 5 0] 

L/;^T, ±|B<75 i $ CMLfcCu C 1 
[0 0 5 1 ] 

CuC lfll ^LtW^^ h ^fllSitrofe 
^icov^ii, He-CdV-f- (MS 3 2 5 nm) £ 
iSUS 3 . 6 KO^H^^^iU^U^o 

[0 0 5 2 ] _ , 

0 5 (a) 14, C u C 1 *R1 W Uff o > )HlilO»*^t 77 7 

•Cafe* o 0 5 (b) li, i?I^Ii-*f Mtfci*6 5 nmWC u C 1 II 

[0 0 5 3] ,*,,*_.+ _ 

HI 5 (b) K^-fJ:^'. mMP,?Jt^tTo-Cv^v^C u C 1 »K*<bl±, MlEf 

KJ:* v^-7 0 ^^tf-^^l ofclttli'JS^o — ®5 (a) fc*F"t J: 3 fc^ C 
(S^^BE' e 5 ) ifi&bfLito ir^ioib, W^aSUSRStfcfr o C u C Iff 011 

-e t± m& ©jfe^ * * ^ - * B E 6 5 o&x-** 3 ?- w k > «f 4 m^stife^ o tr 

Ebfe^H- 4 * & ^ t#x. h fiZ> a 

[0 0 5 4] 
[0 0 5 5] 

t/ : #ot, *mmw<D c u c 1 mm 1 <o«at: * tu4\ *§r uttis 4 

tLf-C u C 1 ffR 1 ^«ff£14#^ < . RJfcjffiK^&^&ttS 

[0 0 5 6 ] 

CHJfeffl 2 ] 



IWCov^, m 6 -HI 8 ^fflv>tW^o 
**Jfc-WC#S CuClIl (JSLTt^i- 6 o *Jfit0I IOCuCIIIU 



C a F 2 (111) i«2 ±.\Z.WtiL* fltzmmm 50nm»CaF 2 buf f _e r 
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512 L o 

[0057] ^ 

S^^rijUl* (m^MMMil) 0 nm, 6 n m, 12nm, 15 am, 1 8 n rru 
3 0 nmi:Lfc6oC|tttS:ftjSLfc, 

i-fcfc>*K I^i^Ilt^f KJRflM&3 OnmOCuCl fcJ&KLfcC u C 1 111 0. 

m^mmmm® 6nmocuci*Rn, m^mMmmm nnm^cucifi 
1 2 > m^mmmmfo 1 5 n mo c u c 1 $ir 1 3 , m^-mmmmmm 1 8nm«cu 

C 1 m%l 4, mm®}3 0 nmt^Tt:ov^f?-I^I»L4^^»t^C u C 1 M 

m 1 5 Mifco 

[0058] ^ ^ 

fc5&jSLfcC u C1*I10~15 Kov>T, «®«:1R^W*WIK«T?««FI- 

-Cab «5 , Tffl&SB^***^ Lft **o fz 0 

[0 0 5 9] 

^^{^mMWM^^f^^f^^ nm, 1 2 nm, 15 nmOC u C 1 WJSk 11, 12, 1 
3 ^Jffll^ ¥fi^S|5^tH]£h^2 nmg|t*!l, t±i£V> & C9C 4 0 nm 

[0 0 6 0 ] . . 

[0 0 6 1 ] 

116 (a) ~IH6 (c) fc, tWlMl^^^f^^^I)?? 1 2 nm, 1 5 n m 
„ 1 8 nm^ (C u C 1 111 2~ 1 4) cDitM?) A F M&fcTFto 
[0 0 6 2] 

t^ot, #C u C 1 flOAFMfOiigf i *9 , MfflxJ3 0 nm^C uClil 
^H, mMLMltflRWl 5 nmOC u C 1 III 3 tCOV^T, Rjt^^J- 

km*^? hfrtZTF-fo mtmitmm. z 3 (n=i) ®^ 

teO$4{:i5ABC-F r e eMrfcffl^fco 
[0 0 6 4] 

H 7 i'^i" J: ? EM*** ^ ^Offl0^jg*{i, CuCl IHO*«^ (C u C 1 
, m ) «^3 2nm, WM^fettH (CuCl Ml) OJ¥££7nnK E t 
<D^*)l'^~mmz&\ l f&m%imm.*ro=0. lmeV, E T tUi©x^^««i: 
£*t S^*&»±^K*t*nU 3 . 2 1 5 m e VC4 4 r o fcfc* L T It II L tM§& 

10 0 6 5 1 

L/cf.t, CuClfll3l^ < , *^W^A«ft CuClIIc 

[0 0 6 6] 

CuCl Jffflil 3 i:ov^t, §§^^ h ;v£iijeL/£o SHfefrffilifEIB 
^lfcra^C**ol2l8 (a) a, CuC 1111 3KttL-Cfi-o7fc5&ft*^ h ^Sl5fe 
Oft*tSt^?7ni. 08 (b) li^M^S^f ML^lff 3 0 

nmOC u C 1 »H<^f§^^ h^gigl^t^??^*, 
[0 0 6 7] 
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^8 (b) twn^tf o tv^^v>c u c i «n^e> a, mmn^ 

r U y ^ - ^ f - ^ ^ 1 of Itii $ ti/; 0 -J, H18 (a) K^X^K, C 

uci»ii 3 &x.*A"¥-mzn=FmMitKx& (h^bes o ) im 

■eco^UHcM^i 5 (HfOBE' 3 o) fcfct-jfc&Efrfe^K**^^--* 

^^°i»Jl Mlt&CuC l^mi-e(±, MWCi^*^"-^BE6 
>B;^^;v^-fJj^S^-»Jt^J:^>#7t &t£-* (lOiHil) BE' 6 5 #5L*Lfc 
©i^L-C, CuC 19R1 3t!i, mMlTOK J: * tT- * B E 3 o Ofl^^-fll 

k masiffii^ k * * tf - * *«jt) b e ' 3 o imtto 

^ttil c u c i ^jii^rfr^fliJ? k £ *e> * m^Mit^ff <7)ii ^ c#ot, m^-m 

[0 0 7 0 ] 

L/'t5 s o T C u C 1 ItJU^OJUff t. <DVc\z. ioT, m^K^ 

ji±S I d fc, CuCl $jgl 1 3 ©JUfcfrftfc i itWT, S^l^iltL 

[0072] 

CuCl»JIW:> »3 0nm (i ^)||i(:fi2 6 nm) KJ3V>TI*Jg|5Mr<a 

cuc iMmzmm-t&zttf^z&o tti, cucisn 3 zwrnit-tzzt-?* % 

[0 0 7 3 ] 

T^b-T^o Lft^oT, M^tSC u C 1 ^JR^frOBIJP^J&fC^ m^!Jl£MML 
Jft£ 3 * M S^Mi- ^ - t X «9 > * «9 i ^ C u C 

1 iiMt^-t^^^o 

[0 0 7 4] „ , _ 

* fc, trtililff 30nmOCuCl gift 10-15 L/: C u C Iff 

t $tLTV>^flKJ¥ 2 6 nmhLtUv\ 
I 0 0 7 5 ] 

(t^ CuCl fgCO^ifi^iML^^Ii £H9<7>1« 

j[ 0 0 7 6 j| 
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c? ) o 

i^°Ifa#«fa^li, CaF 2 (111) IS^i^TV^^ i^^pi^^^-c- 
fi&v> 0 CaF 2 (111) ^<tx.-C, #0-f ^>W^h h h, *y^u (4* 

7 j y^ft^fj: t^mik^frbft&^KZM^^ & CuC 1 ( 

380nm~ 390nm) M V>T^^^^i"o Z<Dtz&, ^W^^Tjf 

[0 0 7 8] 

±f5##SJfef!m±> C a F 2 b u f f e r Ji 3 £ & ttT v> & rt*. ^fUC a F 
2 bu f f e ri3 fcBgtf&i&glifcv^o /:/:U CaF 2 buf f er*3 £a£&t& £ 

^iD, caFj din »a tcuc immt<Dm-^m&^£2>mfr*m.wL 

Tl*»tHo CaF 2 bu f f e r © 3 fctfctf & - £ * >9 > *P«& £ 

(CaF 2 bu f f e r!3) |:#<4i:S©1?, CuC 1 ffJR4>K*«#>*£ 
■J|j 0 L/;i s o-C, CaF 2 b u f f e ri3 W^itWL^o ftis^Mi: 
|;|)St4;t7 7rJiJi, CaF 2 KB!* <DX*IZ%^1)\ *<0 JifcfluSS MWk<Dlfc 

[0 0 7 9] 

£ fc, ilE^MMt^i:, MB ES^l^tC aF 2 buf f e r Jf 3 is £ XfC u C 1 
*JR*^L-CV>a**, C aF 2 b u f f e r* 3^J:^CuC Iff Bfl<75«?Jftte ^ 
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